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ABSTRACT Male fall armyworm moths [Spodoptera frugiperda (J. E. Smith)] were captured in
pheromone traps over a 16- to 24-mo period in selected sites in southern Florida. Molecular markers
were used to determine whether individuals were of one of two host strains (historically designated
“rice-strain” and “corn-strain”). Traps placed in agricultural areas showed a population peak in the
spring (MarchÐMay) and fall (OctoberÐDecember), with a prolonged decline in numbers in summer
(JulyÐOctober) and a smaller reduction in mid-winter (January). The host strain distribution during
these periods varied signiÞcantly, suggesting strain-speciÞc and seasonal population patterns. Both
strains were captured in substantial numbers during the spring peak, but surprisingly, only the
rice-strain showed an increase in capture rates during the fall, despite the presence of sweet corn
throughout this period. Trap captures in a sod (turfgrass) farm were composed almost entirely of the
rice-strain and showed a bimodal seasonal distribution similar to that seen in the agricultural areas,
with peaks in the spring and fall. These results represent the Þrst indication that the two host strains
might have substantially different population dynamics in the overwintering agricultural areas of
Florida and suggest that the rice-strain is the predominant fall armyworm pest during the fall and
winter growing periods. It further indicates that the two strains can display a markedly different
response to seasonal environmental cues. The implications of these Þndings on our understanding of
fall armyworm migration are discussed.
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FALL ARMYWORM, OR Spodoptera frugiperda (J. E.
Smith), is periodically a signiÞcant pest of maize, sor-
ghum, forage grasses for livestock, turf grasses, rice,
cotton, and peanuts, and whose range extends from
southernCanada tomuchofSouthAmerica(Luginbill
1928, Sparks 1979). Complicating our understanding
of fall armywormÞeld behavior is the existence of two
sympatric and morphologically identical strains
(Pashley et al. 1985). The strains were identiÞed by
molecular polymorphisms and deÞned by their host
plant preferences, hence their designation as “host
strains” (Pashley 1986). The rice-strain (R-strain) is
typically found on rice and Bermuda grass, whereas
thecorn-strain(C-strain)prefersÞeldand sweet corn.
The two strains can be distinguished by strain-speciÞc
allozyme variants and genetic markers (Pashley 1989,
Lu et al. 1992, 1994, Lu and Adang 1996, McMichael
and Prowell 1999). Host strains differ in larval devel-
opment on host plants (Pashley 1988, Pashley et al.
1995), mating behaviors (Pashley and Martin 1987,
Whitford et al. 1988, Pashley et al. 1992), use of food
resources (Veenstra et al. 1995), resistance to certain
pesticides (Pashley et al. 1987a), and susceptibility to

different plant cultivars, including transgenic Bacillus
thuringiensisBerlinerplants (Pashleyet al. 1987b, Jam-
janya et al. 1990, Quisenberry and Whitford 1988,
Adamczyk et al. 1997). Clearly strain-speciÞc differ-
ences have important ramiÞcations toward the devel-
opment of effective control strategies, yet virtually
nothing is knownabout the behavior of the two strains
in the Þeld.

Fall armyworms are not known to diapause and so
cannot survive the winters in temperate climes. This
means that the infestationofmuchof theUnitedStates
originates entirely from populations overwintering in
southern Florida, southern Texas, and northern Mex-
ico (Luginbill 1928,Mitchell 1979, Sparks 1979, Pair et
al. 1986, Raulston et al. 1986). Population surveys in
southern Florida indicate a rise in the fall armyworm
population in the spring, followed by a rapid and
prolonged decline during the summermonths (Pair et
al. 1986,Mitchell et al. 1991).This decline corresponds
to, and presumably reßects, the northward migration
of this population into northern Florida and southern
Georgia in April and May (Snow and Copeland 1969,
Greeneet al. 1971),whichcontinues into thenorthern
states by July and August (Mitchell 1979). It is spec-
ulated that this migration allows fall armyworm to1 E-mail: rnagoshi@gainesville.usda.uß.edu.
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avoid adverse weather conditions deleterious to host
plant development and to escape density-dependent
natural enemies (Knipling 1980). However, the envi-
ronmental factors that trigger migratory behavior are
unknown.

If habitat-speciÞc factors initiate migration, we
might expect the twohost strains todiffer in the timing
of their northward movement. In particular, the be-
havior of the corn-strain should be inßuenced by the
planting and harvesting cycle for corn, whereas the
rice-stain would more likely reßect seasonal changes
occurring in grasslands. Some evidence of strain-spe-
ciÞc differences in population dynamics were ob-
served inLouisiana,with the two strains showing peak
pheromone capture rates at different times of the year
(Pashley 1988, Pashley et al. 1992). This could indicate
differences in the timing of the migration of the two
strains into the tested area.

We are currently studying the distribution of fall
armyworm strain populations in southern Florida us-
ingpheromone traps. Trap captures at three siteswere
examined in particular detail because their respective
plant populations allowed clear predictions as to
which strain should predominate. We found evidence
for substantial and consistent differences in the sea-
sonal population dynamics of the two strains even in
collections made from the same location. The impli-
cations of these results on our understanding of fall
armywormmigration and population behavior are dis-
cussed.

Materials and Methods

Trap Collection and Sites. We used pheromone
traps in three southern Florida locations to estimate
seasonal changes in population density during an
18-mo period from January 2002 to July 2003. Male
adultmothswere captured in pheromone traps placed
adjacent toa sweetcornÞeld, amixedagricultural area
with nearby tomato and sweet corn plantings, and a
sod farm growing turfgrass. We anticipated that the
corn-strain would predominate during the growing
seasons for the Þrst two locations, whereas the rice-
strain would be the primary population in the sod
farm. Adult males were collected using pheromone
traps as previously described (Meagher and Gallo-
Meagher 2003). Standard plastic Unitraps were baited
with a commercially available fall armyworm phero-
mone (3-component lure; Scenturion, Clinton, WA)
and contained insecticide strips (Hercon Environ-
mental Co., Emigsville, PA). Traps were placed 22
January 2002, and collections were made at �2-wk
intervals until 22 July 2003. This 18-mo test period
allowedobservations over two consecutive spring sea-
sonswhen the northwardmigration is known to occur
and should result in a decline in population numbers
in the overwintering areas. Trapped moths were sep-
arated from other species and counted, and a subset
(10Ð15) was randomly selected for polymerase chain
reaction (PCR) analysis. Specimens were stored at
�20�C after collection.

Trap-Swas place on thewest side of a large sod farm
(235ha) innorthcentralCollierCounty (26�21.051�N,
81�35.733� W). Year-round sod production was com-
posed of primarily St. Augustine grass [Stenotaphrum
secundatum (Walt.) Kuntze], although there were
sections of bahiagrass grown (Paspalum notatum
Flugge.). These large turfgrass Þelds were bordered
byareasofnatural vegetationandanurserycontaining
trees and shrubs.

Trap-C was placed adjacent to a large sweet corn
(Zea mays L.) Þeld in southern Miami-Dade County
(25�239.524� N, 80�28.854� W). Sweet corn production
in Miami-Dade County averages close to 6,000 ha (Li
et al. 2002a), with a planting season between early
October and late January. Harvest is generally be-
tween January and May, and some growers produce
two crops per season (OctoberÐDecember and Janu-
aryÐMay). Planting in this Þeld occurred in October
and December 2001Ð2003, with harvest in December
and March 2002Ð2004. Many vegetable growers plant
a cover crop of a sorghum � sudangrass hybrid (Sor-
ghumbicolorL.Moench) fromJune toSeptember, but
the Þeld adjacent to Trap-C was allowed to go fallow.
For collections in November and December 2003, we
wanted to extend the test area and obtain a high
number of samples over the sampling period. In ad-
dition to Trap-C, which was kept in the original loca-
tion, two other traps were used. Trap-C2 was placed
within 150 m of Trap-C and adjacent to a sweet corn
Þeld. Trap-C3 (25�27.832� N, 80�29.488� W) was lo-
cated �20 km east of Trap-C and adjacent to a sweet
corn Þeld.

Trap-T was located adjacent to a tomato Þeld and
across the road from a sweet corn Þeld in southern
Miami-Dade County (25�35.223� N, 80�29.488� W).
Sweet corn was harvested soon after trap placement
(February 2002), and the land was cleared for a res-
idential subdivision. Tomato production in Miami-
Dade County ranges between 1,500 and 5,500 ha, de-
pending on season and markets, and fruit is harvested
between December and May (Li et al. 2002b). Data
for this trapwasnotobtained from1June2002 to1 July
2002 because of a defective trap and heavy rains.
Trapping was discontinued after 8 July 2003 because
of continued vandalism.

DNA Preparation. Individual adult moths were ho-
mogenized in 1 ml of homogenization buffer (0.03 M
Tris-HCl at pH 8.0, 0.1 M NaCl, 0.2 M sucrose, 0.01 M
EDTA at pH 8.0, and 0.5% Triton X-100) in a 5-ml
Dounce homogenizer using either a hand pestle or a
motorized mixer (Nagoshi and Meagher 2003). To
remove large debris, the homogenate was Þltered
through a 5-ml plastic syringe plugged with cheese
cloth (prewet with distilled water) into a 1.5-ml mi-
crofuge tube. The Dounce homogenizer was washed
with 800 �l of buffer, which was Þltered and added to
the homogenate. Cells and nuclei were pelleted by
centrifugation at 12,000 � g for 10 min at 4�C, and the
supernatant was removed by aspiration. The pellet
was resuspended in 600 �l nuclei buffer (0.01 M Tris-
HCl at pH 8.0, 0.35 M NaCl, 0.1 M EDTA, and 1%
N-lauryl sarcosine), and extractedwith 400 �l phenol-
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chloroform (1:1). The supernatant was transferred to
a new 1.5-ml tube, precipitated with 400 �l isopropa-
nol for 1 h at room temperature, and centrifuged at
12,000 � g for 10 min. The DNA pellet was washed
with 70% ethanol and dried. The pellet was resus-
pended in 50 �l of distilled water, followed by puri-
Þcation using DNA Clean and Concentrator-5 col-
umns (Zymo Research, Orange, CA) according to the
manufacturerÕs instructions. Each PCR reaction used
1 �l of theDNApreparation (between 0.1 and 0.5 �g).

PCR Analysis. To determine strain identity from
individual moths, genomic DNA from a randomly se-
lected subset (n � 10) of the captured samples was
tested by PCR for the mitochondrial COI gene re-
striction fragment-length polymorphism as described
previously (Levy et al. 2002, Nagoshi and Meagher
2003). PCR ampliÞcation of genomic DNA was per-
formed in a 50-�l reaction mix containing 5 �l 10�
reaction buffer with MgCl2 (Promega, Madison, WI),
1 �l 10 mM dNTP (New England Biolabs, Beverly,
MA), 0.5�l 20�Mprimermix, 1�lDNAtemplate, and
0.5 �l TaqDNA polymerase (Promega). AmpliÞcation
of the COI gene used primers JM76 (5�-GAGCT-
GAATTAGG(G/A)ACTCCAGG-3�) and JM77 (5�-
ATCACCTCC(A/T)CCTGCAGGATC-3�) and be-
gan with an initial incubation at 94�C (1 min),
followed by 38 cycles of 94�C (1 min), 56�C (1 min),
72�C(1min), and aÞnal segment of 72�Cfor 5min.On
completion of PCR, 0.5 �l of MspI was added to each
reaction and incubated at 37�Cfor 1h. Fivemicroliters
of gel loading buffer was added to each sample, and 20
�l was loaded on a 1.5% agarose gel. The R-strain
(mtR) pattern is a 569-bp PCR band, whereas the
C-strain fragment (mtC) is cut byMspI to produce two
fragments of 497 and 72 bp. Primers were synthesized
by DNAgency (Malvern, PA).

Typically, �70Ð90% of theDNApreps gave useable
PCR information. In collectionswhere the strain iden-
tities of 10 or more samples were determined, the
number of each strain present per night was extrap-
olated. This was obtained by Þrst determining (by the
PCR analysis of the representative subset) the per-
centage of each collection that was of one strain and
multiplying that by the total number of males col-
lected during the collection period. The product was
divided by the number of nights in that period.

Results

Seasonal Capture Pattern. Trap captures from ag-
ricultural areas growing sweet corn (Trap-C) or a
mixed crop of sweet corn and tomato (Trap-T) during
the winter and spring seasons indicated that popula-
tion peaks during the spring and fall, separated by an
�3- to 5-mo decline during the summer and a shorter
depression in late winter (Fig. 1). In the period from
February to the end of June 2002, an average of 58
moths per night was captured from the two traps. This
was followed by a sharp decline from June to the end
of July. Between 1 July and 15 October, trap captures
had declined to an average of seven moths per night.
Populations began to increase by the end of October

2002, regaining the spring highs in November and
December (49 moths per night). There was a sharp
but brief decline in January 2003 to an average of 18
moths per night, followed by a rapid increase in Feb-
ruary 2003 continuing to June. The average during the
period from February to June 2003 was 55 moths per
night. This bimodal annual pattern with peaks in the
spring and fall is consistent with previous studies ex-
amining pheromone traps placed in Dade and nearby
Palm Beach counties (Pair et al. 1986).

Trap-S was located at a sod farm and was sur-
rounded by extensive Þelds of turfgrass throughout
the year. Despite the substantial differences in plant
type,weobserved a similar bimodal capture pattern as
that recorded for Traps-C and -T, with March and
April 2002 captures averaging 21moths per night (Fig.
1). This was followed by a rapid decline during May
and June and minimal captures from June to October
(an average of two moths per night). A second peak
was observed in November and December (15 moths
per night average), followed by amid-January decline
(2mothspernight).Capturenumbers increased again
in the spring of 2003, with an average of 18 moths per
night observed from February to April.

Host Strain Population Dynamics. We next deter-
mined the proportion of each host strain captured
during the test period by PCR analysis of a strain-
speciÞc molecular marker (Fig. 2). The proportion of
C-strain versus R-strain observedwas used to estimate
the numbers of each strain captured in the traps,
displayed graphically as moths per night (Fig. 3). In
the sod farm habitat surveyed by Trap-S, the R-strain
predominated throughout the year (Fig. 3A). At no
time didC-strain extrapolations exceed Þvemoths per
night, even during the spring and fall periods that had
the highest fall armyworm density. From February
2002 to July 2003, only 11% (36/277) of the moths
tested were of the C-strain, although at least one
C-strain individual was observed in 14/28 collection
periods tested.

A different strain distribution was observed with
Traps-C and -T associatedwith vegetable crops. In the
period from February to June 2002, 53% (130/243) of
captured males tested were of the C-strain (Fig. 3B
andC).A similar result of 44%(103/236)wasobtained
during the same period in 2003. This proportion did
not change much during the summer depression from
July to October, with 35% (48/139) of those tested
showing theC-strainmarker. This indicates thatwhat-
everwas reducing capture numbers during this period
was affecting both strains. In comparison, during the
fall/winter growing season from October to January,
the proportion of C-strain found in the traps declined
to 13% (32/238). This reßected a substantial increase
in the R-strain population, whereas C-strain captures
remained low (Fig. 3A and B). Therefore, the spring
capturepeak representedanapproximatelyequalmix-
ture of both host strains, whereas the fall peak was
limited to the R-strain.

The absence of an increase in the fall C-strain pop-
ulation was unexpected. To test whether the same
pattern repeated itself in 2003, more extensive trap-
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ping was performed in agricultural areas during No-
vember and December 2003, a period in the previous
year associated with high levels of fall armyworm
infestation. In November and December 2003, the
areas immediately adjacent to Trap-C contained veg-
etable crops (beans), with a large sweet corn Þeld
�100 m away. A second trap (C2) was located within
800mofTrap-C, immediately adjacent to a sweet corn
Þeld with plants at various stages of development. A
third trap (C3)was placed in another sweet corn Þeld
�20kmto theeast,withmostof theplants in thewhorl
stage. Consistent with the 2002 pattern, capture num-
bers in all traps were high during this period, indicat-
ing the presence of large and extensive fall armyworm
populations (Table 1). In fact, Trap-C and -C2 showed
the highest capture rates that we recorded over the
past 2 yr. A minimum of 12 adult males from each
collection was randomly selected and tested for strain
identity, resulting in over 70 samples tested from each

trap. In each sample period and for every trap, the
C-strain was a minor component, never comprising
�28% of the test group. Overall, a total of 319 males
was analyzed, and 283 (89%)wereof theR-strain. This
was comparable with the results of contemporaneous
captures at Trap-S (93% R-strain), a location where
the C-strain was not expected to accumulate (Table
1). Therefore, as in 2002, the fall armyworm reinfes-
tation of south Florida agricultural areas in fall/winter
2003 was not associated with substantial increases in
the C-strain population, at least as determined by
pheromone trapping.

Temperature and Rainfall. The pattern of adult
captures was compared with weekly averages of max-
imum and minimum daily temperatures and precipi-
tation (Fig. 3D and E). The general decline in trap
captures beginning in June occurred coincident with
the onset of minimum daily temperatures �20�C and
the onset of the summer rainy season. Trap captures

Fig. 1. Seasonal pheromone trap captures at selected locations in southern Florida, 2002Ð2003. Each data point represents
total males captured divided by the number of evenings in the capture period. The initial sampling point is February 2002
and sampling concluded in July 2003.
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of the R-strain did not recover until October, corre-
sponding with the decline in average minimum daily
temperature to below 20�C. The mid-January decline
in numbers coincided with a sharp drop in minimum
daily temperatures to 5�C and below. This was fol-
lowed by an increase in the number of both strains as
the average daily temperature rose in February, al-
though the recovery of the C-strain may have oc-
curred 1Ð2 wk after that of the R-strain (Fig. 3A and
B).

We anticipated that the density of theC-strain pop-
ulation would largely reßect the agricultural activities
in the neighboring Þelds. Sweet corn was planted in
southern Miami-Dade County (Homestead) near
Trap-C from October to mid-December in 2001 and
2002. Cropswere harvested beginning lateDecember,
and harvesting was completed by May in both 2002

and 2003. Despite the presence of whorl-stage sweet
corn through most of the fall, the number of trapped
C-strainmales did not increase until February, shortly
after the lowest temperaturesof the season,withpeaks
inMarch andApril (Fig. 3A). Relatively highnumbers
of C-strain males continued to be captured until June,
suggesting that the postharvest cover crop of sor-
ghum/sudangrass might be able to provide a satisfac-
tory habitat to support one to two additional gener-
ations. Both strains showed minimal capture levels by
the end of July. Most tomatoes near Trap-T were
planted fromSeptember to early January,withharvest
being generally completed by May. This was followed
by a sharp decline in trap captures. As with Trap-C,
capture numbers for both strains were at minimal
levels by July. These results indicate that trap captures
for both strains declined from their spring peakwithin

Fig. 2. Agarose gel displaying the diagnostic strain-speciÞc DNA polymorphism used to distinguish between rice- and
corn-strains. DNA from 10 moths collected from Trap-C was individually ampliÞed by PCR using a primer combination
speciÞc for a portion of themitochondrialCOI gene that contains a strain-speciÞcMspI site. After digestionwithMspI, a single
band (569 bp) indicates the absence of the MspI site, a characteristic of the rice-strain (R). Two smaller bands (497 and 72
bp) are produced if the MspI site is present, indicating a corn-strain (C) identity. The gel is stained with ethidium bromide
and photographed under UV illumination.
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amonth of each other, providing no clear evidence for
strain differences in the timing of the northward mi-
gration after the spring harvest.

Discussion

Pheromone traps are a convenientmeans of obtain-
ing a “snapshot”of the adult fall armywormpopulation
density at a given time and place (Pair et al. 1986,
Mitchell et al. 1991). Captured male adults will reßect

both the local resident population as well as transients

migrating through the region. As such, they can pro-

vide a dynamic picture of short-term changes in adult

population in a proscribed area. In addition, trap cap-

tures directly measure the number of mating-recep-

tive males within range of a pheromone source,

thereby indicating periods of high mating potential

that could portend subsequent increases in larval in-

festation. However, there is indirect evidence that

Fig. 3. Distribution of host strains collected from pheromone traps compared with average weekly temperatures and
weekly rainfall. (AÐC) The strain composition of each collection was determined by PCR and used to calculate the average
numberof each strainpresentpernightduringeachcollectionperiod.Gray lineswithopencirclesdenoteR-strain collections.
Black lines with black diamonds denote C-strain numbers. (D) Average air temperatures recorded for the Homestead, FL
area during the testing period. Upper curve reßects the maximum daily temperature; lower curve reßects the minimum daily
temperature. The squares denote weekly averages. (E) Weekly rainfall (in millimeters) recorded for the Homestead, FL
region during the testing period. The weather data were obtained from the University of Florida Institute of Food and
Agricultural Sciences. The initial sampling point is February 2002, and sampling was concluded in July 2003.
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commercial pheromonesmaynotbeequally attractive
to the two strains, potentially biasing estimates of
strain proportions (Pashley et al. 1992). We note that
suchabias, if it exists, shouldnotaffect the signiÞcance
of our observed geographical or seasonal differences
in strain capture ratios, because all comparisons were
made from samples obtained using the same trapping
system.

The bimodal seasonal distribution of moth captures
in southern Florida has been previously described
(Pair et al. 1986,Mitchell et al. 1991).Ourdata indicate
that for at least 2002 and2003, this bimodal patternwas
the result of two subpopulations undergoing very dif-
ferent seasonal behaviors. SpeciÞcally, C-strain males
were captured in signiÞcant numbers only during the
spring season, with the fall peak due almost entirely to
the R-strain. While a multiyear and geographically
broader survey is required to establish the generality
of these strain-speciÞc patterns, our results indicate
that the host strains can differ signiÞcantly in their
temporal distribution in Florida overwintering habi-
tats, suggesting signiÞcant strain-speciÞc differences
in response to seasonal conditions.

The observation that the sod farm area (Trap-S)
displayed the same bimodal population distribution as
the agricultural traps (Trap-C and -T) suggests that
this seasonal pattern was not caused by competition
with theC-strain or to the cycle of sweet cornplanting
and harvesting, but rather is a response to some en-
vironmental factor common to the different habitats.
The July-to-October decline in R-strain capture num-
bers was observed in all three locales tested, even
though they differed substantially in plant composi-
tion. This bimodal seasonality had been previously
observed and was attributed to the effects of the pro-
nouncedwet-dry seasons characteristic of subtropical
and tropical areas on plant quantity and quality (Pair
et al. 1986). For example, in studies performed in
Mexico, high capture rates tended to occur 60Ð90 d

after rainfall peaks, whereas intervals of least capture
most frequentlyoccurred60Ð90dafterperiodsof least
rainfall (Raulston et al. 1986). Such a mechanism
could explain our observation of a peak in R-strain
capture in the fall andwintermonths that followed the
summer rainy season, but is not consistent with the
spring peak in captures that followed the winter dry
season(Fig. 3).Evenmoreproblematic is thebehavior
of the C-strain for which there was no evidence of a
population increase in the fall resulting from the sum-
mer rainy season.

Another possibility is that the decline in capture
numbers during the year may be related to extremes
in the daily minimum temperature. Fall armyworm
captures for both strains are lowest when the daily
minimum temperature rises above 20�C (JulyÐOcto-
ber) or below 5�C (January). There is precedence for
correlations between daily temperature and Þeld cap-
ture numbers for other insects (Butler et al. 1999,
Cammell and Knight 1992, Scott et al. 2000, Souza and
Carvalho 2002). Of particular interest are Þeld studies
indicating that the population of Chrysoperla externa
(Hagen) in citrus orchards is negatively affected by
increases in the minimum daily temperature (Souza
and Carvalho 2002). The signiÞcance of this coinci-
dence with fall armyworm is unknown but could be
explained if an important behavior, such as mating or
ßight activity, is deleteriously affected by seasonal
temperature extremes.

When temperatures and rainfall moderated in the
fall, the incidence of R-strain captures increased dra-
matically, comprising the majority of the moths
trapped during this period. Why the C-strain did not
behave similarly is unknown. The most obvious ex-
pected inßuence on the C-strain population is the
pattern of sweet corn planting and harvesting. How-
ever, although sweet corn was grown in the agricul-
tural trap areas from October to May, C-strain num-
bers did not increase until February. Apparently, the

Table 1. Fall armyworm males collected during November and December 2003 in pheromone traps placed in agricultural areas

Trap Collection period Moths/night/trap No. tested No. rice-strain Percent rice-strain

C 11/19Ð11/20 165.0 16 15 94
11/21Ð11/25 142.7 27 27 100
11/26Ð12/2 75.7 15 14 93
12/3Ð12/9 36.6 16 15 94

12/10Ð12/14 111.0 18 17 94
C2 11/19Ð11/20 93.0 34 32 94

11/21Ð11/25 154.4 16 15 94
11/26Ð12/2 121.3 37 32 86
12/3Ð12/9 81.9 18 13 72

12/10Ð12/14 138.2 16 14 88
C3 11/19Ð11/20 7.0 14 11 79

11/21Ð11/25 25.3 33 30 91
11/26Ð12/2 17.1 16 13 81
12/3Ð12/9 13.6 14 11 79

12/10Ð12/14 12.3 29 24 83
C1Ð3 11/19Ð12/14 80 (average) 319 283 89%
S 11/21Ð11/24 16.6 17 15 88

11/25Ð12/1 9.6 14 13 93
12/2Ð12/8 17.7 32 32 100
12/9Ð12/15 13.8 12 10 83

Total 11/21Ð12/15 14 (average) 75 70 93%
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presenceof its preferredhostplant andenvironmental
conditions conducive to expansion of the R-strain
population were not sufÞcient to stimulate C-strain
increases during the fall.

The increase in moth capture numbers during the
fall months is typical for southern Florida and Texas
and was shown to correlate with weather and wind
conditions conducive to southward migration (Pair et
al. 1986, Pair et al. 1987, Mitchell et al. 1991). This led
to the suggestion of a north-to-south return migration
to overwintering sites before the winter freeze. How-
ever, our observations suggest that only the R-strain
population increases in the fall, implying strain-spe-
ciÞc migration behavior. If this is the case, it leaves
open the question of what is the source of theC-strain
population that suddenly appears in the spring. Some
possible explanations include the following: (1) the
depleted local population is poised for a rapid expan-
sion when favorable conditions (speciÞc to the spring
season) arise, (2) trap captures during the fall (for
unknown reasons) signiÞcantly underestimate the lo-
cal C-strain population, or (3) there is an unidentiÞed
habitat in southern Florida that can serve as a winter
reservoir for the C-strain. Studies to test these possi-
bilities are currently underway.

In summary, we showed that combining phero-
mone-trapping techniques with molecular methods
for determining host strain identity can provide un-
expected and important advances to our understand-
ing of fall armywormpopulation behavior. Evidence is
provided that indicates that, while the two strains can
be sympatric, they also can differ substantially in their
response to seasonal changes, varying in both popu-
lation numbers and geographic distribution.We are in
the process of additional long-term Þeld studies to
deÞne other strain-speciÞc differences in population
behavior in thewild and to identify habitats that could
serve as reservoirs for maintaining populations, par-
ticularly the C-strain, during the less optimal seasons.
Such information is essential for the development of
areawide strategies to mitigate the overwintering and
migrating capacities of one or both strains.
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